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ANALOG 
DEVICES 



CMOS 16- Bit, 
468.75 kHz, Sigma- Delta ADC 




FEATURES 

16-Bit Sigma-Delta ADC 

468.75 kHz Output Word Rate (OWR) 

No Missing Codes 

Low-Pass Digital Filter 

High Speed Serial Interface 

Linear Phase 

229.2 kHz Input Bandwidth 

Power Supplies: AV DD , DV DD : -f5 V ± 5% 

Standby Mode (70|jlW) 

Parallel Mode (12-Bit/ 312.5 kHz OWR) 



GENERAL DESCRIPTION 

The AD 7721 is a complete low power, 12-/16-bit, sigma-delta 
ADC. T he part operates from a +5 V supply and accepts a 
differential input of V to 2.5 V or±1.25 V. T he analog input 
is continuously sampled by an analog modulator at twice the 
clock frequency eliminating the need for external sample-and- 
hold circuitry. T he modulator output is processed by two finite 
impulse response (F I R) digital filters in series. T he on-chip 
filtering reduces the external antialias requirements to first order 
in most cases. Settling time for a step input is 97.07 lis while 
the group delay for the filter is 48.53 (is when the master clock 
equals 15 M Hz. 

T he AD 7721 can be operated with input bandwidths up to 
229.2 kH z. T he corresponding output word rate is 468.75 kH z. 
T he part can be operated with lower clock frequencies also. 
T he sample rate, filter corner frequency and output word rate 
will be reduced also, as these are proportional to the external 
clock frequency. T he maximum clock frequencies in parallel 
mode and serial mode are 10 M H z and 15 M H z respectively. 
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Use of a single bit DAC in the modulator guarantees excellent 
linearity and dc accuracy. Endpoint accuracy is ensured by on- 
chip calibration of offset and gain. T his calibration procedure 
minimizes the part's zero-scale and full-scale errors. 

T he output data is accessed from the output register through a 
serial or parallel port. T his offers easy, high speed interfacing to 
modern microcontrollers and digital signal processors. The 
serial interface operates in internal clocking (master) mode, the 
AD 7721 providing the serial clock. 

CMOS construction ensures low power dissipation while a 
power-down mode reduces the power consumption to only 
IOOllW. 
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AH7 7 1 1 CD EH El T ATI fiMQl (AVdd = +5 v ± 5% ; dv dd = +5 v ± 5% ; agnd = dgnd = v, 
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Parameter 


A Version 


S Version 


Units 


T est C onditi ons/C om merits 


SERIAL MODE ONLY 










STATIC PERFORMANCE 










Resolution 


16 


16 


Bits 




M inimum Resolution for Which 


12 


12 


Bits min 


Guaranteed 12 Bits M onotonic 


N M issing C odes 1 s G uaranteed 










Differential N onlinearity 


±8 


±8 


LSB typ 




Integral N onlinearity 


±16 


±16 


LSB max 


16-Bit Operation 


DC CM RR 


70 


70 


dB min 


Bipolar M ode 


Offset Error 2 








U nipolar M ode 


±3.66 


±3.66 


mV max 


Typically 0.61 mV 


Bipolar M ode 


±3.66 


±3.66 


mV max 


Typically 0.61 mV 
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ANALOG INPUTS 










Signal Input Span (VIN 1-VIN2) 










Bipolar M ode 


±V REF in/2 


±Vrefin/2 


Volts max 


UNI =V| H 


1 1 1 1 HI 1 

U nipolar M ode 


Oto V REF!N 


Oto V REF!N 


Volts max 


UNI = V| L 


i v i aximum i nput v oitage 


A \/ 




\/nltc 
V OIIS 




IVyi i n i rv\ i i kv\ 1 nni if \ / r\ 1 t T^fia 

i v i inimurn input v oiiage 


u 


u 


\/nltc 
V Ollb 




1 nnut Sam nl inn C anacitancp 


1.6 


1.6 


nF tvn 




Input Sampling Rate 


2 fci_K 


2 fcLK 


MHz 


G uaranteed by D esign 


Differential Input Impedance 


20.8 


20.8 


k£2 typ 


With 15 M Hzon CLK Pin 


RpppRpMpp IMPIITQ 
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1 A t-n 1 f 


1 A t-n 1 ft 
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V fill 1 1 / V IlldX 




KbriN input current 


inn 

zUU 


-inn 

zUU 
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DYNAM IC SPECIFICATIONS 










Signal to (N oise + D istortion) 


74 


74 


dB min 


■ „ „ . . i_ n _ _l . . . ! _l j_ l_ r\ iii j_ ^ —i i r\ ii i 

1 nput Bandwidth kH z to 210 kH z 


\ otai n armonic U 1 storti on 


7R 
- 10 


7R 
- 10 


ok max 


1 nput Banawiutn u km z to zzy.z km z 


F roni ionr\/ D ocnnnco 
rlcL|UclH_y r\fc!bpuilbfc! 










v l\n L~ Li.\j l\n L 


+n or 

IU.UJ 


IU.UJ 


rl R mav 
LID IlldX 




229.2 kHz 


-3 


-3 


dB min 

u U 1 1 1 1 1 1 




259.01 kHz to 14.74 MHz 


-72 


-72 


dB min 
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Vim i 1 nnut L ow Voltaae. 


0.8 


0.8 


V max 




li NH . Input Current 


10 


10 


max 




C| N , Input Capacitance 


10 


10 


pF max 
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AV DD 


4.75/5.25 


4.75/5.25 


V min/V max 




DV DD 


4.75/5.25 


4.75/5.25 


V min/V max 




1 d d (Total from AV DD , DV DD ) 


28.5 


28.5 


mA max 


Digital Inputs Equal to 0V or DV DD 


Power Consumption 


150 


150 


mW max 


Active M ode 


Power Consumption 


100 


100 


LiW max 


Standby M ode 



NOTES 

Operating temperature range is as follows: A Version: -40°C to +85°C; S Version: -55°C to +125°C. 
2 Applies after calibration at temperature of interest. 

3 F ull-scale error applies to both positive and negative full-scale error. The ADC gain is calibrated w.r.t. the voltage on the REFI N pin. 
Specifications subject to change without notice. 
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CD CP I C I r ATI HMCl (AVdd = +5 v ± 5%; DVdd = +5 v ± 5%; AGND = DGND = v ' fcL < = 10 MHz - mm i 

JrCUrllHI lUIMj REFIN = +2.5 V;T A = T M | N to T„ ax , unless otherwise noted) AU//Z1 



Parameter 


Aversion 


S Version 


Units 


Test C onditions/C omments 


PARALLEL MODE ONLY 










STATIC PERFORMANCE 










R p^nl i itinn 

1 \ CjU 1 LI LI U 1 1 


12 


12 


Bits 




M inimum Resolution for Which 


12 


12 


Bits min 


G uaranteed 12 Bits M onotonic 


N o M issina C odes 1 s G uaranteed 










n iffprpntial N nnlinparitv 


+ 1/2 


+ 1/2 


LSB typ 




Integral Nonlinearity 


±1/2 


±1/2 


LSB typ 


12-Bit Operation 


DC CM RR 


70 


70 


dB min 


Bipolar M ode 


Offset Error 2 










U nipolar M ode 


±3.66 


±3.66 


mV max 


Typically 0.61 mV 


Bipolar M ode 


±3.66 


±3.66 


mV max 


Typically 0.61 mV 


Full-Scale Error 2,3 










U nipolar M ode 


±4.88 


±4.88 


mV max 


Typically 0.61 mV 


Bipolar M ode 


±4.88 


±4.88 


mV max 


Typically 1.22 mV 


Unipolar Offset Drift 


0.04 


0.04 


mV/°C typ 




Bipolar Offset Drift 


0.035 


0.035 


mV/°C typ 




ANALOG IN PUTS 










Signal Input Span (VIN1-VIN2): 










Bipolar M ode 


±Vr EF in/2 


— V REF 1 


Volts max 


UNI =V iH 


U nipolar M ode 


Oto Vrefin 


to Vrefin 


Volts max 


UNI =V IL 


M aximum Input Voltage 


AVdd 


AVdd 


Volts 




M inimum 1 nput Voltage 








Volts 




Input Sampling Capacitance 


1.6 


1.6 


PF typ 




Input Sampling Rate 


2 fcLK 


2 fcLK 


MHz 


Guaranteed by Design 


Differential Input Impedance 


51. lo 


31 Ik 

51. lo 


kQ. typ 


VA/ ifh 1 n M U -* nn C 1 V Din 

vv itn lu M h z on l l i\ Kin 


REFERENCE INPUTS 










Vrefin 


2.4 to 2.6 


2.4 to 2.6 


V min/V max 




REFIN InputCurrent 


200 


200 


MA typ 




DYNAM IC SPECIFICATIONS 










Signal to (N oise + D istortion) 


70 


70 


dB min 


1 nput Bandwidth kH z to 140 kH z 


T otal H armonic D istortion 


-78 


-78 


dB max 


1 nput Bandwidth kH z to 152.8 kH z 


Frequency Response 










kHz- 140 kHz 


±0.05 


±0.05 


dB max 




152.8 kHz 


-3 


-3 


dB min 




i Ti r ~i i,i i -. c\ on ttt i i -. 

172.67 kH z to 9.827 MHz 


-72 


-72 


dB min 




CLOCK 










CLK Duty Ratio 


45 to 55 


45 to 55 


% max 


For Specified Operation 


Vclkh, CLK High Voltage 


0.7xDV DD 


0.7 x DV DD 


V min 


CLK UsesCMOS Logic 


V CLKL , CLK Low Voltage 


0.3 x DV DD 


0.3 x DV DD 


V max 




LOGIC INPUTS 










V| NH , Input H igh Voltage 


2.0 


2.0 


V min 




V| NL , Input Low Voltage 


0.8 


0.8 


V max 




li NH , Input Current 


10 


10 


HA max 




C in , 1 nput C apacitance 


10 


10 


pF max 




LOGIC OUTPUTS 










V 0H , Output H igh Voltage 


4.0 


4.0 


V min 


I IoutI < 200 hA 


V 0L , Output Low Voltage 


0.4 


0.4 


V max 


MoutI < 1.6 mA 


POWER SUPPLIES 










AVdd 


4.75/5.25 


4.75/5.25 


V min/V max 




DV dd 


4.75/5.25 


4.75/5.25 


V min/V max 




I dd (Total from AV DD , DV dd ) 


28.5 


28.5 


mA max 


Digital Inputs Equal to 0V or DV DD 


Power Consumption 


150 


150 


mW max 


Active M ode 


Power Consumption 


100 


100 


(iW max 


Standby M ode 



NOTES 

Operating temperature range is as follows: A Version: -40°C to +85°C; S Version: -55°C to +125°C. 
2 A pplies after calibration at temperature of interest. 

3 F ull-scale error applies to both positive and negative full-scale error. The ADC gain is calibrated w.r.t. the voltage on the REFI N pin. 
Specifications subject to change without notice. 



REV. A 



-3- 



AD7721 

TIMING CHARACTERISTICS 1,2 



(AV DD = +5 V ± 5%; DV DD = +5 V ± 5%; AGND ■■ 
unless otherwise noted) 



DGND = V, REFIN = +2.5 V 



Parameter 



Limit at T Mm ,T MAX 
(A, S Versions) 



Units 



C ondi tions/C omments 



Serial Interface 

f 3 

tdK LO 

td_K HI 

tl 

t 2 4 

t 3 

t 4 

ts 

t 6 

ty 
ts 5 

t 9 

Parallel Interface 

f 3 
r CLK 

tdK LO 
tdK HI 

Read Operation 

tio 
tn 

tl2 

Write Operation 

tl3 
tl4 
tl5 



100 
15 

0.45xt CLK 
0.45xt CLK 

tdK 

tdK HI " 10 

20 

tdK HI 
tdK LO 

25 





20 

32xt CLK 

100 
10 

0.45xt CLK 
0.45xt CLK 

2xt CLK 

30 

32xt CLK 

35 
20 




kH z min 
MHz max 
ns min 
ns min 
ns nom 
ns min 
ns max 
ns nom 
ns nom 
ns max 
ns min 
ns min 
ns max 
ns nom 

kH z min 
MHz max 
ns min 
ns min 

ns nom 
ns max 
ns nom 

ns min 
ns min 
ns min 



M aster Clock Frequency 
15 M H z for Specified Performance 
M aster Clock Input Low Time 
Master Clock Input H igh Time 
DRDY High Time 

RFSLowto SCLK Falling Edge Setup T ime 

RFS Low to Data Valid Delay 

SCLK High PulseWidth 

SCLK Low PulseWidth 

SCL K Rising Edge to Data Valid Delay 

RFS to SCLK Falling Edge H old T ime 

Bus Relinquish Time after Rising Edge of RFS 



Period between Consecutive DRDY Rising Edges 

M aster Clock Frequency 
10 M H z for Specified Performance 
M aster Clock Input Low Time 
M aster C lock I nput H igh T ime 



DRDY High Time 

Data Access Time after Falli ng Edge of DRDY 
Period between C onsecutive DRDY Rising Edges 

WR Pulse Width 

D ata Valid to WR H igh Setup T ime 
D ata Valid to WR H igh H old T ime 



NOTES 

The timing is measured with a load of 50 pF on SCLK and DRDY. SCLK can be operated with a load capacitance of 50 pF maximum. 
Sample tested at +25°C to ensure compliance. All input signals are specified with tr = tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 
2 AII digital outputs are timed with the load circuit below and, except for t 2 , are defined as the time required for an output to cross 0.8 V or 2 V, whichever occurs last. 
3 T he AD 7721 is production tested with f CL K at 10 M Hz for parallel mode operation and at 15 M Hz for serial mode operation. However, it is guaranteed by character- 
ization to operate with CLK frequencies down to 100 kHz. 
4 t 2 is the time from RFS crossing 1.6 V to SCLK crossing 0.8 V. 

5 t 8 and t 15 are derived from the measured time taken by the data outputs to change 0.5 V when loaded with the circuit shown below. T he measured number is then 
extrapolated back to remove the effects of charging or discharging the 50 pF capacitor. This means that the time quoted in the Timing Characteristics is the true bus 
relinquish time of the part and, as such, is independent of external bus loading capacitance. 




Figure 1. Load Circuit for Access Time and Bus Relinquish Time 
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REV. A 



ABSOLUTE MAXIMUM RATINGS 1 

(T A = +25°C unless otherwise stated) 

DV DD toDGND -0.3 V to +7 V 

AV DD to AG N D -0.3 V to +7 V 

AV DD toDV DD -0.3 V to +0.3 V 

AGND to DGND -0.3 V to +0.3 V 

Digital Input Voltage to DGND ... -0.3 V to DV DD + 0.3 V 
Analog I nput Voltage to AG N D .... -0.3 V to AV DD + 0.3 V 

I nput Current to Any Pin Except Supplies 2 ±10 mA 

O perating T emperature Range 

Industrial (A Version) -40°C to +85°C 

Extended (S Version) -55°C to +125°C 

Storage Temperature Range -65°C to +150°C 

M aximum Junction Temperature +150°C 

Plastic Package 

e JA Thermal Impedance 74°C/W 



AD7721 



Lead Temperature, Soldering (10 sec) +260°C 

Cerdip Package 

6 JA Thermal Impedance 51°C/W 

Lead Temperature, Soldering (10 sec) +300°C 

SOIC Package 

e JA Thermal Impedance 72°C/W 

Lead Temperature, Soldering 

Vapor Phase (60 sec) +215°C 

Infrared (15 sec) +220°C 

NOTES 



Stresses above those listed under Absolute M aximum Ratings may cause perma- 
nent damage to the device. This is a stress rating only; functional operation of the 
device at these or any other conditions above those listed in the operational 
sections of this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 

transient currents of up to 100 mA will not cause SCR latchup. 



CAUTION 



ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although this device features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 




ORDERING GUIDE 


Model 


Temperature Range 


Package Option* 


AD7721AN 


-40°C to +85°C 


N-28 


AD7721AR 


-40°C to +85°C 


R-28 


AD7721SQ 


-55°C to +125°C 


Q-28 



PIN CONFIGURATION 



*N = Plastic DIP; R = 0.3" Small Outline IC (SOIC); Q = Cerdip. 



SCLK/DB7 
DB8 
DB9 

RFS/DB10 
SDATA/DB1 1 
DGND 
DSUBST 
DGND 
STBY/DBO 
DV DD 
CAL/DB1 

UNI/DB2 
DB3 
DB4 



AD7721 
TOP VIEW 
(Not to Scale) 



28] DB6 

IzIrd 

HI WR 

25] DVAL/SYNC 
24] AGND 
23] VIN2 
22] VIN1 
2l] REFIN 
20] AGND 
19] AV DD 

Hies 

17] CLK 

lH DRDY 
lH SYNC/DB5 
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AD7721 



PIN FUNCTION DESCRIPTIONS 



Mnemonic 


Function 


AV DD 


Analog Positive Supply Voltage, +5 V ± 5%. 


AG N D 


G round reference point for analog circuitry. 


n\/ 

u v DD 


n inifal innl\/ \l r\\Y^no 4-R \/ 4- R% 
uiyiLai supply vuiiayc, tj v z j/o. 


n r m n 

D G N D 


G round reference point for digital circuitry. D G N D must be connected via its own short path to AG N D (Pin 24). 


DSU BST 


T his is the substrate connection for digital circuits. It must be connected via its own short path to AG N D 




(Pin 24). 


VIN1 


Analog Input. In unipolar operation, the analog input range onVINl isVIN2to (VIN2 + V REFm ); for bipolar 


VIN2 


operation, the analog input range on VI N 1 is (VI N 2 ± V REF!N /2). T he absolute analog input range must lie 




between and AV DD . T he analog input is continuously sampled and processed by the analog modulator. 


REFIN 


Rpfprpnrp 1 nnnt T he A D 7721 ooerates with an external reference of value 2 5 V nominal A suitable refer- 

lllk/ULi 1 1 1 v- f \ L*/ / 1 L— A. Wk/vl ULvJ VVILII Ull V-/\ LV^I 1 IUI 1 CI CI v-l 1 VV| \J 1 vul U C L ■ J V 1 IUI 1 III IUI ■ 1 \ JU 1 LUUI V 1 C 1 CI 




ence for operation with the AD 7721 is the AD 780. A 100 nF decoupling capacitor is required between 




REFIN and AGND. 


CLK 


CMOS Logic Clock Input. T he AD 7721 operates with an external clock which is connected to the CLK pin. 




T he modulator samples the analog input on both phases of the clock, increasing the sampling rate to 20 M H z 




(CLK =10 MHz) or 30 MHz (CLK =15 MHz). 


Serial Mode Only 




l^c tSt~\ W7T3 
t^o, KJJ, WK 


i u select trie serial inierTace moae or oper anon, me au / /zi mubi dg powered up witn kjj ana wk ail 




ti prj tn D G N D After twn rlnrk rvrlps thp A D 777 1 switrhps i ntn sprial mndp T hpsp nins must rpmai n Inw 

LI C\J LU Lj CI 1 4 U i n 1 LCI LVVU LVLI tJ, LI IC f\ \-J 1 1 i- -L JVVILLI 1 CJ 1 1 1 LU JCI IUI 1 1 IUUCi 1 II tJC Ull IJ 1 II U JL 1 CI 1 1 Ul 1 1 1 W V V 




during serial operation. 


DRDY 


1 n fhp sprial intprfarp mndp a risinn prlnp nn DRDY indiratps that npw data is availahlp tn hp rpad frnm thp 

III LI 1 C JCI IUI III LCI 1 UCC 1 1 IvU C, U 1 1 Jl 1 1 y CU y C W 1 1 lylvLV J. 1 1 1 U 1 LULCJ LI 1 UL 1 ICVV U ULU 1 J UVUI IUL/IC LU kJC 1 CUU 1 1 LJ 1 1 1 LI IC 




interface. D uring a synchronization or calibration cycle, DRDY remains low until valid data is available. 


SD AT A/D R 1 1 


Sprial nataOiitnut D i itm it sprial data hprnmps arti\/p aftpr nnps Inw ^ivtppn hits nf rlata arp rlnrkprl 

JCI ml uLu v ULjJUL. UULpUL Del 1 ul U uLu UccUl 1 ICj ucLIVc ul LCl JX1 O yUCj 1 U VV . D 1 ALccI 1 UILj Ul UuluuIc lIUlNCU 




out startina with thp M SB Sprial data is clockpd out on thp risinn pdnp of SC L K and is valid on thp subsp- 

V U L JLUI Lilly VVILII LI 1 C I I J U i JLI IUI UULU 1 J vluvlXvu W U L \J 1 1 L 1 1 C 1 Ul 1 1 u CU UC w 1 *J V— . 1 1 V UIIU 1 J VUIIU \J 1 1 LI 1 C JUU Jv 




quent falling edge of SC L K . 


RFS/DB10 


Receive Frame Synchronization. Active low logic input. This is a logic input with RFS provided by connect- 




ing this input to DRDY. When RFS is high, SDATA is high impedance. 


DB9 


T his is a test mode pin. T his pin must be tied to D G N D . 


DB8 


T his is a test mode pin. T his pin must be tied to D G N D . 


SCLK/DB7 


Serial Clock. Logic Output. The internal digital clock is provided as an output on this pin. Data is output 




from the AD 7721 on the rising edge of SCLK and is valid on the falling edge of SCLK . 


DB6 


T his is a test mode pin. T his pin must be tied to D G N D . 


SYNC/DB5 


Synchronization Logic Input. A rising edge on SYNC starts the synchronization cycle. SYNC must be 




pulsed low for at least one clock cycle to initiate a synchronization cycle. 


DB4 


T his is a test mode pin. T his pin must be tied to D G N D . 


DB3 


T his is a test mode pin. T his pin must be tied to D G N D . 


UNI/DB2 


Analog Input Range Select, Logic Input. A logic low on this input selects unipolar mode. A logic high selects 




bipolar mode. 


CAL/DB1 


Calibration M ode Logic Input. CAL must go high for at least one clock cycle to initiate a calibration cycle. 


STBY/DBO 


Standby M ode L ogic 1 nput. A logic high on this pin selects standby mode. 


DVAL/SYNC 


Data Valid Digital Output. In serial mode, this pin is a dedicated data valid pin. 
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Parallel Mode Only 



Mnemonic 



Function 



CS 
RD 
WR 



DRDY 



DVAL/SYNC 



SDATA/DB11- 
STBY/DBO 



Chip Select Logic Input. 

Read L ogic I nput. T his digital input is used in conjunction with CS to read data from the device. 
Write Logic Input. This digital input is used in conjunction with CS to write data to the control register. 
I n parallel interface mode, a falling edge on DRDY indic ates tha t new data is available to be read from the 
interface. D uring a synchronization or calibration cycle, DRDY remains high until valid data is available. 

The function of this pin is determined by the state of bit DB3 in the control register. Writing a logic zero to 
bit D B3 wil l program this pin to be a DVAL output. Writing a logic one to bit DB3 will program this pin to 
be a SYNC input pin. 



A rising edge on SYNC starts the synchronization cycle. SYNC must be pulsed low for at least one clock 
cycle. 

When switching this pin from SYNC mode to DVAL mode, it is important that there are no rising edges on 
the pin which could cause resynchronization. For this purpos e, an in ternal pull-up resistor has been i ncluded 
on this pin. T hus, when the external driver driving this pin in SYNC mode is switched off, the DVAL/SYNC 
pin remains high. 

These pinsare both data outputs and control register inputs. Output data is placed on these pins by taking 
RD and CS low. Data on these pins is read into the control register by toggling WR low with CS low. With 
RD high, these pins are high impedance. 



Control functions such as CAL, UNI and ST BY, which are available as pins in serial mode, are available as bits in parallel mode. 
Table I lists the contents of the control register onboard the AD 7721. This register is written to in parallel mode using theWR pin. 



Table I. Function of Control Register Bits 



Control 








Register 




Logical 




Bit 


Function 


State 


Mode 


DBO 


ST BY 





N ormal Operation. 






1 


Power-Down (Standby) Mode. 


DBl 


CAL 





N ormal Operation. 






1 


Writing a Logic "1" to this bit starts a calibration cycle. Internal logic resets this bit to zero at the end of 








calibration. 


DB2 


UNI 





U nipolar M ode. 






1 


Bipolar M ode. 


DB3 


DVAL/SYNC 





Sets DVAL/SYNC Pin to DVAL Mode. 






1 


Sets DVAL/SYNC Pin to SYNC M ode. 


DB9 







T his bit is used for testing the AD 7721. A logic low M U ST be written into this bit for normal 








operation. 
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TERMINOLOGY 
Integral Nonlinearity 

T his is the maximum deviation of any code from a straight line 
passing through the endpoints of the transfer function. T he end- 
points of the transfer function are zero scale (not to be con- 
fused with bipolar zero), a point 0.5 LSB below the first code 
transition (100 ... 00 to 100 ... 01 in bipolar mode and 
000 ... 00 to 000 ... 01 in unipolar mode) and full scale, a point 
0.5 L SB above the last code transition (Oil ... 10 to Oil ... 11 in 
bipolar mode and 111 . . . 10 to 111 . . . 11 in unipolar mode). T he 
error is expressed in LSBs. 

Differential Nonlinearity 

T his is the difference between the measured and the ideal 1 L SB 
change between two adjacent codes in the AD C . 

Common Mode Rejection Ratio 

T he ability of a device to reject the effect of a voltage applied to 
both input terminals simultaneously— often through variation of 
a ground level— is specified as a common-mode rejection ratio. 
C M RR is the ratio of gain for the differential signal to the gain 
for the common-mode signal. 

Unipolar Offset Error 

U nipolar offset error is the deviation of the first code transition 
from the ideal VI N 1 voltage which is (VI N 2 + 0.5 LSB) when 
operating in the unipolar mode. 

B i polar Offset E rror 

This is the deviation of the midscale transition (111 ... 11 
to 000 .. . 00) from the ideal VI N 1 voltage which is (VI N 2 - 
0.5 LSB) when operating in the bipolar mode. 

Unipolar Full-Scale Error 

U nipolar full-scale error is the deviation of the last code transition 
(111 ... 10 to 111 .. . 11) from the ideal VI N 1 voltage which is 
(VIN2+V REFIN -3/2 LSBs). 

Bipolar Full-Scale Error 

T he bipolar full-scale error refers to the positive full-scale error and 
the negative full-scale error. T he positive full-scale error is the 
deviation of the last code transition (011 ... 10 to 011 .. . 11) from 
the ideal VI N 1 voltage which is (VI N 2 + V REF , N /2 - 3/2 L SB). 
T he negative full-scale error is the deviation of the first code transi- 
tion (100 ... 00 to 100 .. . 01) from the ideal VI N 1 voltage which 
is(VIN2 - V REF , N /2 +0.5 LSB). 

Signal to (Noise + Distortion) 

Signal to (N oise + D istortion) is measured signal to noise at the 
output of the ADC. The signal is therms magnitude of the funda- 
mental. N oise is the rms sum of all the nonfundamental signals up 
to half the sampling frequency (fdK/2) but excluding the dc com- 
ponent. Signal to (N oise + D istortion) is dependent on the num- 
ber of quantization levels used in the digitization process; the more 
levels, the smaller the quantization noise. T he theoretical Signal to 
(N oise + D istortion) ratio for a sine wave input is given by 

Signal to (N oise + Distortion) = (6.02 N + 1.76) dB 

where N is the number of bits. T hus, for an ideal 12-bit converter, 
Signal to (Noise + Distortion) = 74 dB. 

Total Harmonic Distortion 

T otal H armonic D istortion (T H D ) is the ratio of the rms sum 
of harmonics to the rms value of the fundamental. For the 
AD 7721, T H D is defined as 

THD^20lo g ^Z±^Z±^Z) 

Vi 



where V x is the rms amplitude of the fundamental and V 2 , V 3 , 
V 4 , V 5 and V 6 are the rms amplitudes of the second through the 
sixth harmonic. 

USING THE AD7721 
ADC Differential Inputs 

The AD 7721 uses differential inputs to provide common-mode 
noise rejection. I n the bipolar mode configuration, the analog 
input range is ±1.25 V. The designed code transitions occur 
midway between successive integer LSB values. The output 
code is 2s complement binary with 1 LSB = 0.61 mV in paral- 
lel mode and 38 liV in serial mode. T he ideal input/output 
transfer function is illustrated in Figure 2. 

I n the unipolar mode, the analog input range is V to 2.5 V. 
Again, the designed code transitions occur midway between suc- 
cessive integer LSB values. T he output code is straight binary with 
1 LSB = 0.61 mV in parallel mode and 38 liV in serial mode. The 
ideal input/output transfer function is shown in Figure 3. 



OUTPUT 
CODE 



011...111 
011...110 



100...001 
100...000 



AD7721 

-REF IN/2 


J # 1 — 




+REF IN/2-1 LSB 



ov 

DIFFERENTIAL INPUT VOLTAGE (VIN1-VIN2) 



Figure 2. AD7721 Bipolar Mode Transfer Function 



OUTPUT 
CODE 




DIFFERENTIAL INPUT VOLTAGE (VIN1-VIN2) 

Figure 3. AD7721 Unipolar Mode Transfer Function 
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Input Circuits 

T he purpose of antialiasing filters is to attenuate out of band 
signals that would otherwise be mixed down into the signal 
band. With traditional ADCs, high order filters using expensive 
high tolerance passive components are often required to per- 
form this function. U sing oversampling, as employed on the 
AD 7721, this problem is considerably alleviated. Figure 4a 
shows the digital filter frequency response. D ue to the sampling 
nature of the digital filter, the passband is repeated about the 
operating clock frequency and at multiples of the clock fre- 
quency. Out of band signals coincident with any of the filter 
images are mixed down into the passband. F igure 4b shows the 
frequency response of the antialias filter required to provide a 
particular level of attenuation at the first image frequency. F ig- 
ure 4c shows the frequency response of the antialias filter re- 
quired to achieve the same level of attenuation with a traditional 
AD C . T he much smaller transition band can only be achieved 
with a very high order filter. 



OdB 



a. Digital Filter Frequency Response 
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b. Frequency Response of Antialias Filter (AD7721) 



OdB 



ANTIALIAS FILTER 
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OUTPUT DATA RATE 



REQUIRED 
ATTENUATION 



c. Frequency Response of Antialias Filter (T raditional ADC) 
Figure 4. Frequency Response of Antialiasing Filters 

Figure 5 shows a simple antialiasing filter which can be used 
with the AD 7721. The -3 dB corner frequency (f 3dB ) of the 
antialias filter is given by Equation 1, and the attenuation of the 
filter is given by Equation 2. Attenuation at the first image 
frequency is given by Equation 3. 

f 3dB = 1/(2 7T R E xt C E xt) Equation 1 



Attenuation = 20 log 



l/Jl+(f/f 3dB ) 



Attenuation (F irst I mage) = 



20log 



l/Jl+( 0.986 f CLK /f 3 d B )' 



Equation 2 



Equation 3 



T he choice of the filter corner frequency will depend on the 
amount of rolloff which is acceptable in-band and the attenua- 
tion which is required at the first image frequency. For example, 
when f CLK = 15 M H z, R EXT = 50 £2, C EX t = 7.84 nF , the in- 
band rolloff is 1 dB and the attenuation at the first image fre- 
quency is 31.1 dB. Increasing the size of the external resistor 
above 50 D, can cause increased distortion due to nonlinear 
charging currents. 



R EXT 



ANALOG 
INPUT 



R EXT 

-vw— 



-p C EXT 

V 



AD7721 



-j- Cext 

V 

Figure 5. Simple RC Antialiasing Filter 

F igure 6 shows a simple circuit that can be used to drive the 
AD 7721 in unipolar mode. The input of the AD 7721 is sampled 
by a 1.6 pF input capacitor. T his creates glitches on the input 
of the modulator. By placing the RC filter directly before the 
AD 7721, rather than before the operational amplifier, these 
glitches are prevented from being fed back into the operational 
amplifier and creating distortion. T he resistor in this diagram, 
as well as creating a pole for the antialias filter, also isolates the 
storage capacitor from the operational amplifier which may 
otherwise be unstable. 



R EXT 

-Wr 



COMMON 

MODE O- 
VOLTAGE 



Cext 



AD7721 



Figure 6. Antialiasing Circuits 

A suitable operational amplifier is the AD 847 if a ±15 V power 
supply is available. If only a +5 V power supply is available, the 
AD 820 can be used. T his operational amplifier can be used with 
input bandwidths up to 80 kH z. H owever, the slew rate of this 
operational amplifier limits its performance to 80 kH z. Above 
this frequency, the performance of the AD 820 degrades. 

F or both filters, the capacitor C EXT should have a low tempera- 
ture coefficient and should be linear to avoid distortion. 
Polypropylene or polystyrene capacitors are suitable. 

Offset and Gain Calibration 

A calibration of offset and gain errors can be performed in both 
serial and parallel modes by initiating a calibration cycle. During 
this cycle, offset and gain registers in the filter are loaded with 
values representing the dc offset of the analog modulator and a 
modulator gain correction factor. In normal operation, the offset 
register is subtracted from the digital filter output and this result 
is then multiplied by the gain correction factor to obtain an 
offset and gain corrected final result. 

D uring the calibration cycle, in which the offset of the analog 
modulator is evaluated, the inputs to the modulator are shorted 
together internally. When the modulator and digital filter settle, 
the average of 8 output results is calculated and stored in the 
offset register. The gain of the modulator is determined by 
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switching the positive input of the modulator to the reference 
voltage and the negative input to AG N D . Again, when the 
modulator and digital filter settle, a gain correction factor is 
calculated from the average of 8 output results and stored in the 
gain register. After the calibration registers have been loaded 
with new values, the inputs of the modulator are switched back 
to the input pins. H owever, correct data is available at the inter- 
face only after the modulator and filter have settled to the new 
input values. 

T he whole calibration cycle is controlled by internal logic, and the 
controller need only initiate the cycle. T he calibration values 
loaded into the registers only apply for the particular analog input 
mode (bipolar/unipolar) selected when initiating the calibration 
cycle. On changing to a different analog input mode, a new calibra- 
tion must be performed. T he duration of the calibration cycle is up 
to 6720 clock cycles for the unipolar mode and up to 9024 clock 
cycles for the bipolar mode. Until valid data is available at the 
interface, theDRDY pin remains high in parallel mo de and low in 
serial mode. Should the part see a ris ing edge on the SYNC pin in 
serial m ode or on the DVAL /SYNC pin (if programmed as a 
SYNC pin), then the calibration cycle is discontinued and a syn- 
chronization operation will be performed. Similarly, putting the 
part into standby mode during the cycle will discontinue the cali- 
bration cycle. 

T he calibration registers are static and retain their contents even 
during standby. T hey need to be updated only if unacceptable 
drifts in analog offsets or gain are expected. On power-up in 
parallel mode, the offset and gain errors may contain incorrect 
values and therefore a calibration must be performed at least 
once after power-up. In serial mode, a calibration on power-up 
is not mandatory if the C AL pin is grounded prior to power-up 
as the calibration register will be reset to zero. Before initiating a 
calibration routine, ensure that the supplies have settled and that 
the voltage on the analog input pins is between the supply voltages. 
Calibration does not affect the synchronization of the part. 

Synchronization 

D ata is presented at the interface at 1/32 the C L K frequency. I n 
order that this data is presented to the interface at a known 
point in time or to ensure that the data from more than one 
device is a filtered and decimated result derived from the same 
input samples, a synchron izing fu nction has been provided. In 
p arallel m ode, the DVAL /SYNC pin must first be configured as 
a SYNC pin by writ ing to t he control register. I n serial m ode, 
there is a dedicated SYNC pin. On the rising edge of the SYNC 
pulse or the DVAL/SYNC pulse, the digital filter is reset to a 
known state. F or 2080 clock cycles, DRDY remains high in 
parallel mode and low in serial mode. When DRDY changes 
state at the end of this period, valid data is available at the inter- 
face. Synchronizing the part has no affect on the values in the 
calibration register. 



SYNC is latched internally on the rising edge of DCLK which is 
a delayed version of the clock on theCLK pin. Should SYNC 
go high coincidentally with DCLK, there is a potential uncer- 
tainty of one c lock cy cle in the start of the synchronization cycle. 
T o avoid this, SYNC should be taken high after the falling edge 
of the clock on the C L K pin and before the rising edge of this 
clock. 



Standby 

T he part can be put into a low power standby mode by writing 
to the configuration register in parallel mode or by taking the 
ST BY pin high in serial mode. D uring Standby, the clock to 
both the modulator and the digital filter is turned off and bias is 
removed f rom all analog circuits. On coming out of standby 
mode, the DRDY pin remains high in pa rallel m ode and low in 
serial mode for 2080 clock cycles. When DRDY changes state, 
valid data is available at the interface. As soon as the part is 
taken out of standby mode, a synchronization or calibration 
cycle can be initiated. 

DVAL 



T he DVAL pin or the DVAL/SYNC pin, when programmed as 
a DVAL pin, is used to indicate that an overrange input signal 
has resulted in invalid data at the ADC output. Small overloads 
will result in DVAL going low and the output being clipped to 
positive or negative full scale, depending on the sign of the 
overload. As with all single bit DAC high order sigma-delta 
modulators, large overloads on the inputs can cause the modula- 
tor to go unstable. T he modulator is designed to be stable with 
signals within the input bandwidth that exceed full scale by 
20%. When instability is detected by internal circuits, the 
modulator is reset to a stable state and DVAL is held low for 
2080 clock cycles. D uring this period, the output reg isters ar e 
set to negative full scale. Whenever DVAL goes low, DRDY will 
continue to indicate that there is data to be read. 

Varyi ng the M aster C lock F requency 

The AD 7721 can be operated with clock frequencies less than 
10 M H z. T he sample rate, output word rate and cutoff fre- 
quency of the F I R filters are directly proportional to the master 
clock frequency. T he analog input is sampled at a frequency of 
2 f CL K while the output word rate equals f CL K/32. For example, 
reducing the clock frequency to 5 M H z leads to a sample fre- 
quency of 10 M H z, an output word rate of 156.25 kH z and a 
corner frequency of 76.4 kHz. The AD 7721 can be operated 
with clock frequencies down to 100 kH z. 

Power Supply Sequencing 

If separate analog and digital supplies are used, care must be 
taken to ensure that both supplies remain within ±0.3 V of each 
other both during normal operation and during power-up and 
power-down to completely eliminate the possibility of latch-up. 
If this cannot be assured, then the protection circuit shown in 
Figure 7 is recommended. The 10 £2 resistors may be required to 
limit the current through the diodes if particularly fast edges are 
expected on the supplies during power-up and power-down. 

If only one supply is available, then DV DD must be connected to 
the analog supply. Supply decoupling capacitors are still re- 
quired as close as possible to both supply pins. 

IN4148 
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Figure 7. Powering-Up Protection Scheme 
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CIRCUIT DESCRIPTION 
Sigma- Delta ADC 

The AD 7721 ADC employs a sigma-delta conversion technique 
that converts the analog input into a digital pulse train. 

D ue to the high oversampling rate, which spreads the quantiza- 
tion noise from to (clk/2, the noise energy which is contained 
in the band of interest is reduced (Figure 8a). To reduce the 
quantization noise further, a high order modulator is employed 
to shape the noise spectrum, so that most of the noise energy is 
shifted out of the band of interest (Figure 8b). 

T he digital filter that follows the modulator removes the large 
out of band quantization noise (F igure 8c), while converting the 
digital pulse train into parallel 12 bit wide binary data or serial 
16 bit wide binary data. 



/ /A/ J/////// / A/ ////////. 

ou—n ™y/////////, 
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■ DIGITAL FILTER CUTOFF FREQUENCY 
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229.2kHz (15MHz) 



W2 



Figure 8. Sigma-Delta ADC 

Digital Filter 

T he digital filter that follows the modulator removes the large 
out of band quantization noise, while converting the one bit 
digital pulse train into 12-bit or 16-bit wide binary data. T he 
digital filter also reduces the data rate from f CLK at the input of 
the filter to fdK/32 at the output of the filter. T he output data 
rate is a little over twice the signal bandwidth which guarantees 
that there is no loss of data in the signal band. 

The AD 7721 employs 2 FIR filters in series. The first filter is a 
128 tap filter that samples the output of the modulator at f CLK . 
T he second filter is an 83 tap half-band filter that samples the 
output of the first filter at fcLic/16 and decimates by 2. T he 
frequency response of the 2 filters is shown in Figure 9. 

D igital filtering has certain advantages over analog filtering. 
First, since digital filtering occurs after the A/D conversion, it 
can remove noise injected during the conversion process. Ana- 
log filtering cannot do this. Second, the digital filter combines 
low passband ripple with a steep roll off, while also maintaining 



a linear phase response. T his is very difficult to achieve with 
analog filters. 

Analog filters, however, can remove noise superimposed on the 
signal before it reaches the ADC. Digital filtering cannot do this 
and noise peaks riding on signals, near full-scale, have the po- 
tential to overload the analog modulator even though the aver- 
age value of the signal is within limits. 



0.0 



-100.0 













































WD 





0.0f CLK 0.1f CLK 0.2f CLK 0.3f CLK 0.4f CLK 0.5f CLK 
FREQUENCY 

Figure 9a. 128 Tap FIR Filter Frequency Response 
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Figure 9b. 83 Tap FIR Filter Frequency Response 
SERIAL INTERFACE 

The AD7721's serial communication port allows easy inter- 
facing to industry-standard microprocessors, microcontrollers 
and digital signal processors. The AD 7721 is operated in self- 
clocking mode, the AD 7721 providing the serial clo ck. T he 
RFS sig nal is also provided by the AD 7721 by tying RFS to 
DRDY. 

F igure 10 shows t he timing diagram for reading from the 
AD 7721. DRDY goes hi gh to indicate that a conversion has 
been completed. DRDY remains high for one internal clock 
(15 M H z) cycle and then goes low for the next 31 clock cycles. 
N ew da ta is loa ded into the ou tput shift register on the rising 
edge of DRDY. When DRDY goes low, the data is accessed 
from the AD 7721. Although the AD 7721 has a 12-bit digital 
output in the parallel mode, sixteen bits of data are available for 
transmission in the serial mode, starting with the M SB. Serial 
data is clocked out of the device on the rising edge of SC L K 
and is valid on the falling edge of SCLK. 
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PARALLEL INTERFACE 
Read Operation 

The device defaults to parallel mode if CS, RD and WRare not 
tiedtoDGND together. Figure 11 shows a timing diagram for 
reading from theAD7721 in the parallel mode. When operating 
the device in parallel mode, CS and RD should be tied to 
DGND permanently exc ept whe n control information is being 
written to the AD 7721. DRDY goes high for 2 clock cycles to 
indicate that new data is available from the interfa ce. The 
AD 772 1 outputs this data after the falling edge of DRDY. This 
DRDY pin can be used to drive an edge- triggered interrupt of a 
microprocessor. 



Write Operation 

T he write operation is used to write data into the control regis- 
ter. T he outputs of the control register select the analog input 
range, allow the part to be put into pow er-dow n (standby) 
mode, define the function of theDVAL/SYNC pin, and initiate 
the calibration routine. After power-up and after at least 16 
clock cycles, the control register must be written to. A cali- 
bration must also be performed at least once after power-up to 
set the calibration registers. T he function of each bit in the 
control register is shown in Table I. When writing to the con- 
trol register, theRD pin must be taken high so that the pins DO 
to D 11 are configured as inputs. 




RFS (I) / DRDY (O) 
SCLK (O) 

DATA OUT (O) 

NOTE: (I) SIGNIFIES AN INPUT; (O) SIGNIFIES AN OUTPUT. 



Figure 10. Serial Mode Output Register Read 
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NOTE: (I) SIGNIFIES AN INPUT; (O) SIGNIFIES AN OUTPUT. 



Figure 11. Parallel Mode Output Register Read 
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Figure 12. Write Timing Diagram 
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MICROCOMPUTER/MICROPROCESSOR INTERFACING 

The AD 7721 has a variety of interfacing options. It offers two 
operating modes— serial and parallel. 

Serial Interfacing 

In serial mode, the AD 7721 can be directly interfaced to several 
DSPs. I n all cases, the AD 7721 operates as the master with the 
DSP acting as the slave. The AD 7721 provides its own serial 
clock to clock the digital word from the AD 7721 to the D SP. 
T he serial clock is a buffered version of the master clock C L K . 
T he frame synchr onizatio n signal to the AD 7721 and the D SP 
is provided by the DRDY signal. 

Because the serial clock from the AD 7721 has the same frequency 
as the master clock, DSPs that can accept high serial clock fre- 
quencies are required. When the AD 7721 is being operated 
with a 15 M Hz clock, Analog Devices' ADSP-2106x SH ARC® 
D SP is suitable as this D SP can accept very high serial clocks. 
T he 40 M H z version of this D SP can accept a serial clock of 
40 M Hz maximum. To interface the AD 7721 to other DSPs, 
the master clock frequency of the AD 7721 can be reduced so 
that it equals the maximum allowable frequency of the serial 
clock for the D SP. T his will cause the sampling rate, the output 
word rate and the bandwidth of the AD 7721 to be reduced by a 
proportional amount. TheADSP-21xx family can operate with 
a maximum serial clock of 13.824 MHz, the D SP56002 uses a 
maximum serial clock of 13.3 MHz while the T M S320C 5x-57 
accepts a maximum serial clock of 10.989 MHz. 

When theAD7721 is being operated with a low master clock 
frequency (< 8 MHz), DSPs such as theT M S320C20/C25 and 
DSP56000/1 can be used. Figures 13 to 15 show the interfaces 
between the AD 7721 and several DSPs. I n all cases, CS, RD 
and WRare permanently hardwired to DGN D. 

AD 7721 to AD SP- 21xx I nterface 

Several of the AD SP-21xx family can interface directly to the 
AD 7721. DRDY is used as th e frame sync signal for both the 
AD SP-21xx and the AD 7721. DRDY, which goes high for two 
clock cycles when a conversion is complete, can also be used as 
an interrupt signal if required. Figure 13 shows the AD 7721 
interface to the ADSP-21xx. For the ADSP-21xx, the bits in 
the serial port control register should be set up as RF SR = 1 
(a frame sync is needed for each transfer), SLEN = 15 (16 bit 
word lengths), RFSW =0 (normal framing mode for receive 
operations), INVRFS = (active high RFS), IRFS = (external 
RFS), and ISC LK =0 (external serial clock). 
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Figure 13. AD7721 to ADSP-21xx Interface 

T he interface between the AD 7721 and the AD SP-2106x 
SHARC DSP is the same as shown in Figure 13, but the DSP is 
configured as follows: SLEN =15 (16-bit word transfers), 



SEN D N =0 (the MSB of the 16-bit word will be received by 
the D SP first), I C L K = (an external serial clock will be used), 
RFSR = (a frame sync is required for every word transfer), 
I RFS = (the receive frame sync signal is external), CKRE =0 
(the receive data will be latched into the DSP on the falling 
clock edge), LAFS = (the DSP begins reading the 16 bit word 
after the D SP has identified the frame sync signal rather than 
the D SP reading the word at the same instant as the frame sync 
signal has been identified), LRFS = (RFS is active high). 

AD 7721 to DSP 56002 Interface 

Figure 14 shows the AD 7721 to DSP56002 interface. If the 
AD 7721 is being used at a lower clock frequency (<5.128 M H z), 
the D SP56000 or D SP56001 can be used. T he interface will be 
similar for all three DSPs. To interface the DSP56002 to the 
AD 7721, theDSP56002 is configured as follows: SYN = 1 
(synchronous mode), SC D 1 = (RFS will be an input), 
GCK =0 (a continuous clock will be used), SCKD =0 (the 
serial clock will be external), WL1 = 1, WLO = (transfers will 
be 16 bits wide), FSL1 = 0, FSLO = 1 (the frame sync will be 
active at the beginning of each transfer). 
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Figure 14. AD7721 to DSP56002 Interface 

Alternatively, the DSP56002 can be operated in asynchronous 
mode (SYN =0). In this mode, the serial clock for the Receive 
section in inputted to the SCO pin. T his is accomplished by 
setting bit SC DO to (external Rx clock). 

AD 7721 to TMS32QC 20/C 25/C 5x I nterface 

F igure 15 shows the AD 7721 to T M S320C 20/C 25/C 5x inter- 
face. FortheTMS320C5x, FSR and CLKR are automatically 
configured as inputs. T he serial port is configured as follows: 
FO = (16-bit word transfers), FSM = 1 (a frame sync occurs 
for each transfer). F igure 15 shows the interface diagram when 
the AD 7721 is being interfaced to theTM S320C20 and the 
T M S320C 25 also but, these DSPs can be used only when the 
AD 7721 is being used at a lower frequency such as 5 M H z 
(C25)or2.56MHz(C20). 
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Figure 15. AD7721 to TMS320C20/25/5x Interface 
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Parallel Interface 

In parallel mode, the DRDY signal is still available. This s ignal 
can be used to generate an interrupt in the D SP as DRDY goes 
high for two clock cycles when a conversion is complete. D ata 
is available from the AD 7721 every 32 CLK cycles. The ADC 
outputs the 12-bit digital word automatically. H ence, latches are 
needed into which the 12-bit parallel word can be transferred. 
Because RD and CS are permanently tied to DGN D when the 
ADC is performing A-to-D conversions, some further glue logic 
is needed to interface the AD 7721 to a DSP in parallel mode. 
W hen a digital word is available from the AD 7721, it will be 
automatically transferred to the latches. T he DRDY signal 
informs the DSP that a new word is available to be read. T he 
D SP then reads the word from the latches. By using the 
latches, the microprocessor is free to perform other tasks be- 
tween reads from the AD 7721. 

When using the parallel mode, CS and RD should be permanently 
tied to DGN D , RD being taken high only when a control word 
is being written to the AD 7721. CS and RD should not be 
pulsed, as is the procedure with other AD Cs, as the specifications 
for the device will degrade and the part may become unstable. 
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Figure 16. Interfacing theAD7721 to a Microprocessor in 
Parallel Mode 

AD 7721 to A DSP-21xx Interface 



Figure 17 shows the AD 7721 to ADSP-21xx interface. DRDY 
is used to interrupt the D SP when a conversion is complete and 
the H C 244 latches contain a new word. The WR signal from 
the D SP is used to drive both the RD and WR inputs of the 
AD 7721 since RD will be tied low at all times except whe n the 
control register of the device is being written to. T he RD signal 
of the D SP is used to enable the outputs of the latches so that 
the 12 bit word can be read into the DSP. T wo 8-bit latches 
are used. T welve of the latches are used to hold the 12-bit 
conversion from the AD 7721. The remaining four latches are 
used to hold the control information being transferred from the 
DSP to the AD 7721. When a control word is being written to 
the AD 7721, Bits 4 to 6 and Bits 9 to 10, which are test bits, 
need to be loaded with zeros. Therefore, pull-down resistors 
are used so that Pins 4 to 6 and 9 to 10 are tied to ground when 
the control register is being loaded. 
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Figure 17. AD7721 to ADSP-21xx Interface 

AD 7721 to DSP 56002 Interface 

Figure 18 shows the AD 7721 to DSP56002 interface. The 
connections for the DSP56002 are similar to those for the 
AD SP-21xx family. T he diagram shows the connections for 
the D SP56002, but the connections for the D SP56000 and 
DSP56001 are similar. 




Figure 18. AD7721 to DSP56002 Interface 

AD 7721 to TMS320C 20/C 25/C 5x I nterface 

F igure 19 shows the AD 7721 to T M S320C 20/C 25 interface 
while F igure 20 shows the AD 7721 to T M S320C 5x interface. 
Again, the interface is similar to that of the A_DSP-21xx. However, 
the T M S320C 20/C 2 5 has a common RD /W pin. T his output_ 
is decoded using the STRB pin. T he T M S320C 5x has a RD/W 
pin also so external glue logic can be used to decode the RD/w 
pin as done for the C 20 and C25. An alternative is to use the 
RD and WE pins of the C 5x. U sing these outputs, WE oper- 
ates as the WR signal while RD functions as the RD signal. 
Also, additional glue logic is not required. 
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Figure 19. AD7721 to TMS320C20/C25 Interface 
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Figure 20. AD7721 to TMS320C5x Interface 
Grounding and Layout 

Since the analog inputs are differential, most of the voltages in 
the analog modulator are common-mode voltages. T he excellent 
common-mode rejection of the part will remove common-mode 
noise on these inputs. T he analog and digital supplies to the 
AD 7721 are independent and separately pinned out to minimize 
coupling between analog and digital sections of the device. T he 
digital filter will provide rejection of broadband noise on the 



power supplies, except at integer multiples of the modulator 
sampling frequency. T he digital filter also removes noise from 
the analog inputs provided the noise source does not saturate 
the analog modulator. As a result, the AD 7721 is more immune 
to noise interference than a conventional high resolution con- 
verter. However, because the resolution of the AD 7721 is high 
and the noise levels from the AD 7721 so low, care must be 
taken with regard to grounding and layout. 

T he printed circuit board that houses the AD 7721 should be 
designed such that the analog and digital sections are separated 
and confined to certain areas of the board. T his facilitates the 
use of ground planes that can be easily separated. A minimum 
etch technique is generally best for ground planes as it gives the 
best shielding. D igital and analog ground planes should only be 
joined in one place. If the AD 7721 is the only device requiring 
an AG N D to D G N D connection, the ground planes should be 
connected at the AG N D and D G N D pins of the AD 7721. 
D SU BST , which is the substrate connection for the digital 
circuitry of the AD 7721, should be connected directly to 
AGN D. If the AD 7721 is in a system where multiple devices 
require AG ND toDGND connections, the connection should 
still be made at one point only, a star ground point that should 
be established as close as possible to the AD 7721. 

Avoid running digital lines under the device as these will couple 
noise onto the die. T he analog ground plane should be allowed 
to run under the AD 7721 to avoid noise coupling. T he power 
supply lines to the AD 7721 should use as large a trace as pos- 
sible to provide low impedance paths and reduce the effects of 
glitches on the power supply line. Fast switching signals like 
clocks should be shielded with digital ground to avoid radiating 
noise to other sections of the board, and clock signals should 
never be run near the analog inputs. Avoid crossover of digital 
and analog signals. T races on opposite sides of the board 
should run at right angles to each other. T his will reduce the 
effects of feedthrough through the board. A microstrip tech- 
nique is by far the best but is not always possible with a double- 
sided board. I n this technique, the component side of the board 
is dedicated to ground planes while signals are placed on the 
other side. 

Good decoupling is important when using high resolution 
ADCs. All analog and digital supplies should be decoupled to 
AG N D and D G N D respectively with 10 nF ceramic capacitors 
in parallel with 1 (iF tantalum capacitors. To achieve the best 
from these decoupling capacitors, they should be placed as close 
as possible to the device, ideally right up against the device. I n 
systems where a common supply voltage is used to drive both 
theAV DD and DV DD of the AD 7721, it is recommended that 
the system's AV DD supply is used. T his supply should have the 
recommended analog supply decoupling between the AV DD pin 
of the AD 7721 and AGN D and the recommended digital supply 
decoupling capacitor between the DV DD pins and DGN D . 
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OUTLINE DIMENSIONS 

D imensions shown in inches and (mm) 
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(N-28) 
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£i__£i__i2i_£i_£l 



Q M M ^ 
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1 
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0.125 (3.18) 



0.022 (0.558) 
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-M !♦ -J L^V 
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